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Summary: Histological and histometric changes in the testes of albino Wistar rats were correlated.  
Wistar rats weighing between 180-240g were randomly divided into three groups of ten rats each.  One 
group served as control and the rats were given normal saline.  The second and third groups received 
2mg/kg and 4mg/kg body weights of chloroquine phosphate daily for thirty days respectively.  
Seminiferous tubules of animals treated with chloroquine phosphate were irregular in shape and were 
also isolated compared to control.  Marked disruption of the inter-tubular stroma of testes in the treated 
groups was also observed.  Histometric variations in testicular tissue was observed in the experimental 
animals following treatment with chloroquine phosphate.  The 2mg/kg body weight and 4mg/kg body 
weight animals recorded significantly lower (P< 0.05) relative germinal epithelial volume  of 43.95% 
and 32.70% respectively when compared to the control (51.75%).  The volume of stroma in the third 
group (49.33%) was significantly higher (P<0.05) when compared to the control (16.83%) and 2mg/kg 
body weight rats (22.83%).  We observed negative correlation coefficient between lumen and 
seminiferous tubular volume in the control group compared to the other groups which showed a 
positive correlation.  Correlation between germinal epithelium and seminiferous tubular volume were 
positive in all groups.  These findings have thrown more light on recognized histological changes by 
accurately grading these changes which offers objectivity and increased precision compared with direct 
visual appraisal.
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Introduction
Malaria affects more than 2.4 billion people, 
over 45% of the World’s population in more than 100 
countries in the tropics (Winstanley and 
Breckenridge, 1987).  About 90% cases of malaria 
occur in sub-Saharan Africa where the disease 
contributes substantially to underdevelopment and 
places a severe strain on limited health care facilities 
(Wernsdorfer and McGregor, 1988).  The disease has 
spread into new areas as a result of changing land 
utilization, especially plantation agriculture and this 
has led to epidemics in regions previously free of 
malaria (Trigg and Kondrachine, 1998).  About 110 
million clinical cases occur annually with about 1 
million deaths yearly (WHO, 1990).
Chloroquine is a synthetic derivative of 4-
amino quinoline.  Inspite of reported cases of 
chloroquine resistance to the malaria parasites, 
it is one of the drugs of choice for the control 
and cure of malaria (Bisseru, 1985).  Apart from 
its anti-malarial activity, chloroquine is useful 
in the treatment of gastro intestinal ameobiasis, 
systemic lupus erythematosis, fluke infection, 
discoid lupus erythemaosis and rheumatoid 
arthritis (Huskinsson, 1979).  Literature 
abounds on the adverse effects of chloroquine 
on tissues (Laurence and Benneth 1986; Ratcliff 
et al, 1989; Okpako and Azoba, 1989, Warhurst 
et al, 1996; Ebong et al, 1999).  Adverse 
reactions to chloroquine include rashes, itching 
and other allergic reactions (Rook et al, 1972).  
Others include convulsion, nausea, vomiting, 
abdominal cramps and greying of the hair 
(Kasilo, 1988).
Histometry is suitable for histological 
investigation since it offers objectivity and 
increased precision compared with direct visual 
appraisal, and makes statistical analysis easier 
(Ahmad et al, 1989).  Histometry is also 
valuable when abnormalities are recognizable 
by eye but an accurate grading of changes is 
required, (Dunhill and Whitehead, 1972; 
Chalkey, 1973).  Investigation by Ashiru et al 
(1991) had shown a reduction in tubular length 
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and diameter of seminiferous tubules. The 
present study was designed to correlate  
recognized histological changes and histometric 
grading of changes following prolonged 
administration of chloroquine to male Wistar 
rats.
Materials and Methods
Thirty male Wistar rats weighing between 
180g and 240g were bred in the animal house of 
the Department of Anatomy, University of 
Calabar.  The animals were divided into three 
groups (A, B and C) of ten rats each.  Group A 
served as control and was administered normal 
saline.  Groups B and C were administered 
2mg/kg and 4mg/kg body weights of 
chloroquine daily for 30 days respectively.  The 
drug was orally administered with the aid of a 
gastric tube.
The testes from all experimental groups 
were collected, fixed in 10% buffered formalin 
solution, dehydrated in a graded series of 
ethanol and embedded in paraffin wax.  
Samples were sectioned  at 5 thick on a  rotary 
microtome, mounted on glass microscope slides 
with DPX and stained with haematoxylin and 
eosin. Through direct microscopy, relative 
volume percentage of the germinal epithelium, 
stroma and lumen of seminiferous tubules and 
average thickness (m) of seminiferous tubules 
were evaluated with respect to each group. For 
relative volume, a system of parallel lines (eye 
graticule) was placed over the section and the 
length of the line which lies within the structure 
of interest was measured. This length expressed 
as a proportion of the total length of the line 
falling over the tissue is equal to the area 
proportion of the structure and thus the volume 
proportion. For length and diameters, the eye 
piece and stage micrometer were parallelized 
through slide rule method and equivalent length 
on the stage micrometer to the number of 
division of eye graticule was determined.   The 
data obtained was presented as Mean ± standard 
deviation.  Analysis of Variance (ANOVA) was 
used to evaluate the differences between the 
groups.  Pairwise comparison was done using 
the student’s t-test and values of p<0.05 were 
regarded as significant.










Rel vol % 
51.75 ± 5.65 43.95 ± 2.39 32.70 ± 4.25b
Stroma Rel vol % 16.83 ± 1.97 22.83 ± 2.47a 49.33 ± 4.01b
Lumen Rel vol % 30.58 ± 4.57 33.22 ± 3.01a 17.96 ± 3.74b
Seminiferous tubules
Rel. vol %
82.33 ± 2.38 77.17 ± 2.47a 50.67 ± 4.01b
Seminiferous tubular
length (m)
296.25 ± 32.35 326.25 ± 32.80 293.75 ± 30.91
Seminiferous tubular
diameter. (m)
158.75 ± 12.14 189.38 ± 8.81 174.38 ± 10.61
Values are mean ± SEM (n = 10)
a  - Significantly different from control at p<0.05, b  - Significantly different from control at p<0.01
Table 2: Correlation Analysis of Histometric structures of the testes at the Group level.































GE  - germinal epithelium, Lu  - lumen, STv  - semineiferous tubular volume, ST1  -seminiferous tubular 
length, a    - significant at p<0.05, b   - significant at p<0.01, c    - significant at p<0.001
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Results
Histological observations revealed well defined 
seminiferous tubules in the testis of control rats.  
Numerous elongated Leydig cells when viewed 
individually were also present as well as Sertoli 
cells.(Fig 1)  In group B  treated with chloroquine 
phosphate, the seminiferous tubules were irregular, 
Immature spermatozoa were seen lying in the lumen of 
seminiferous tubules accompanied by cell debris (Fig. 
2).  In group C rats seminiferous tubules appeared as 
isolates, Leydig cells were lost, with marked disruption 
of inter-tubular stroma as compared with the control was 
also observed (Fig 3).
Variations in testicular tissue has been observed in 
experimental animals following treatment with 
chloroquine phosphate.  Groups B and C recorded 
significantly lower (p<0.05) relative germinal epithelial 
volume (43.95% and 32.70% respectively) when 
compared to control (51.75%).  However, the volume of 
stroma in group C (49.33%) was significantly higher 
(p<.005) than in group A (16.83%) and group B 
(22.83%).  The volume of seminiferous tubular lumen 
(17.96%) as well as the volume of the tubules (50.67%) 
were significantly lower (p<0.05) in group C animals 
when compared to controls which recorded relative 
seminiferous tubular lumen volume of 30.58% and a 
relative tubular volume of 80.33%. The seminiferous 
tubular lengths and diameter of the test groups were not 
significantly different from controls (Table1).  
Table 2 shows correlation in the testis found in 
each group.  A negative relationship was found between 
lumen and seminiferous tubular volume in group A (-
0.247) compared to groups B and C which showed a 
positive correlation of 0.636 and 0.399.  Correlation 
between seminiferous tubular volume and seminiferous 
tubular length showed a positive result in groups B and 
C (0.375 and 0.257) compared to group A which was 
negatively correlated (-0.502).  Correlation between 
germinal epithelium and seminiferious tubular volume 
were all positive in all groups with group A having the 
highest value of 0.621.
Fig. 1: Light micrograph of the testis of a control rat, showing normal spermatogenic features P = 
primary spematocytes; SG = spermatogonia, S = sertoli cells, L = Leydig cells; Sp = 
spermatids and spermatozoa. (H & E Stain x 400).
Fig. 2: Light micrograph of the testis of phosphate treated (2mg/kg) rat shurs irregularly shaped 
seminiferous tubules (ST), immature spermatozoea (IM) and less Leydig cells (Le). (H & E 
stain x 250)
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Fig. 3: Light micrograph of the testis of Chloroquine phosphate treated (4mg/kg) rats, showing 
degeneration of interstitial tissues (x), loss of Leydig cells (w) and seminiferous tubules appear 
as isolates (Y). (H & E stain x 400).
Discussion
The use of chloroquine for the 
chemotherapy of malaria in Nigeria and parts of 
the tropics poses a problem of chloroquine 
accumulation in the kidney,liver and spleen, and 
its attendant toxic effect, (Adelusi et al, 1982; 
Gustaffson et al, 1983; Jaeger et al,
1987;Thomas,1989; Bray et al 1999).  
Degeneration and regression of interstitial 
tissues and Leydig cells have been observed 
following treatment of rats with test doses of 
chloroquine.  A decrease of androgen 
biosynthesis is therefore expected since these 
cells are the primary source of the male sex 
hormones.  These results are in agreement with 
reports from other investigators who observed 
that chloroquine caused disruption of 
spermatogenesis due to insufficient production 
of androgens by Leydig cells, (Ebong et al, 
1999).  The regression observed in Sertoli and 
Leydig cells after treatment may suggest that 
chloroquine is toxic to the Sertoli and Leydig 
cells.  Its toxicity is probably mediated via 
effects on the anterior pituitary. Okanlawon and 
Dyn (1996) had reported that chloroquine  
exhibits anti-proteases activity and increase 
trans-epithelial resistance in immature Sertoli 
cells. Investigators had reported that toxicants 
that cause damage due to their irreversibility are 
those that kill or genetically alter spermatogonia 
or Sertoli cells, (Chaplin et al,1984; Potashnik 
& Abeliovich,1985; Mattison et al,1990). 
Zukerman(1978) had suggested that dead sperm 
or immotile sperm often reflect the effects of 
post-testicular events and also reported that  
sperm count and sperm morphology have been 
found to provide indices for the integrity of 
spermatogenesis. The observed degeneration of 
germinal epithelium, interstitial tissues, Leydig 
cells, inter tubular stroma and loss of most of 
the spermatogenic cells in this study may 
probably lead to inhibition of spermatogenesis.
Histometric results have also attempted to 
throw more light on histological observations.  
Reduction in the mean relative volume of 
germinal epithelium, seminiferous tubules and 
lumen were observed in the treatment groups.  
Inter tubular stroma was significantly increased 
in the test groups.  These findings further 
explains the poor differentiation of the germinal 
epithelium in the experimental groups.  The 
significant increase in the inter tubular stroma 
infers that most of the interstitial tissues and 
cells of Leydig were lost and it also supports 
our earlier report on morphological observation.  
The negative correlation observed between the 
lumen and seminiferous tubules in the control 
group was expected. This supports the work of 
Wrobel et al, 1998. Positive correlation 
observed in the test groups indicates a deviation 
from the normal that shows that the test drug 
had effects on these groups.  This further 
explains the wider lumen observed in the 
seminiferous tubules of the experimental 
groups. IT appears that histometric 
characteristics of cellular components of the 
testis are correlated based on the duration of 
treatment and are also dose-dependent.  We 
reported a loss of 50.67% volume of 
seminiferous tubules while a loss of 64% of 
mean volume of seminiferous tubules have been 
reported, (Ashiru et al, 1991).  Other 
investigators have reported different histometric 
values, (Mori & Christensen,1980; 
Hluchy,1991; Massanyi et al, 1991; Toman and 
Massanyi, 1997).
From the foregoing, we can safely deduce 
that chloroquine phosphate has adverse effects 
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on the testis of Wistar rats.  The histometric 
grading correlate with our results in changes in 
histological structure of Wistar rat testis.
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